Poliomyelitis continues to be a formidable problem in clinical medicine and public health. Although no one would today seriously question the infectious character of the disease, our knowledge of its pathogenesis is still imperfect. Thus, insusceptibility to the virus, exemplified by the extent of racial and individual resistance, is so widespread that an attack of poliomyelitis after known exposure is the exception rather than the rule. Again, while the effect of age, season and climate on the outbreak of epidemics of poliomyelitis is well established, the manner in which these factors affect the mechanism of resistance to the disease remains obscure. The irregular spread of the infection has been interpreted as indicating a wide dissemination of the virus among civilized populations, with the further inference that a majority of adult individuals can carry it without ill effects. Precisely where one should look for the source of this insusceptibility, however, is a question on which opinions are sharply divided. Most authorities incline to the belief that the protection is due to an almost universal process of specific immunization against the infectious agent, brought about either by abortive attacks of the disease (Wickman (1); Paul, Salinger and Trask (2)) or by latent epidemization (Wernstedt (3); Aycock (4) ). The arguments which support these hypotheses have been gathered largely from epidemiological observations. While the various data taken at their face value, particularly when viewed in the light of analogy with other infectious diseases, are suggestive, the evidence can by no means be considered as conclusive. On * Under a grant from the International Committee for the Study of Infantile Paralysis and from the Rockefeller Foundation. 43 analysis many inconsistencies become apparent, which we have discussed in greater detail in a recent critical review (5) . The inadequacy of the present hypotheses has prompted us to serious consideration of the merits of a simpler conception involving fewer unproved premises; namely, that the predeliction of the disease for the prepubertal age groups may indicate the absence in the child of certain physiological factors which, in their totality, are responsible for the difference between the immature and mature organism. In experimental poliomyelitis, the importance of the age factor is suggested by statements in the earlier and recent literature that younger monkeys are more susceptible to infection than are older ones (Landsteiner (6); Levaditi (7); Leiner and yon Wiesner (8); Pette (9); Flexner (10)). As a matter of fact, most of the monkeys commonly available for experimental purposes are infantile or immature animals, ranging in weight from 5 to 8 pounds, and exhibit no signs of somatic or sexual maturity. The males still carry the testes in the abdominal cavity or within the inguinal ring, with a low degree of spermatogenic activity. The females rarely show reddening of the sexual skin or any other evidence of sexual maturity, the condition of the ovaries and uterus being distinctly prepubertal.
It seemed important, therefore, first to investigate more systematically whether the experimental infection in adult or subadult monkeys would proceed in a course different from that observed in immature animals. Secondly, we decided to determine whether it was possible to obtain any evidence for enhanced resistance to poliomyelitic infection in monkeys in which attempts had been made to induce in a sense a precocious physiological maturity by treatment with certain endocrine principles. This artificial change of endocrine balance could be accomplished experimentally in a variety of ways. Since the pioneering work of Philip Smith (11), Evans and coworkers (12), Smith and Engle (13) , and Zondek and Aschheim (14) , the anterior lobe of the pituitary gland has come to be regarded not only as the "motor" of the genital system but also as an organ which has important functions for the growth of the body and the maintenance of intermediary metabolism. Another possibility of substituting a single phase of sexual maturity only was opened up by the application of principles evolved from the work of Allen and Doisy (15) on the female sex hormone. Finally, in order to provide for a fair basis of comparison of such non-specifically enhanced resistance with the protection acquired by specific immunity, we have added some experiments on active immunization of monkeys by poliomyelitis virus. The progress of this investigation is presented in the following pages in three separate sections.
Experimental Poliomyelitis in Adult or Subadult M. rhesus and Virucidal Tests with the Normal Serum of Adult or Subadult Monkeys and Apes
Experimental poliomyelitis was produced in a series of six adult or subadult rhesus monkeys and one new-born monkey, employing the usual technique of intracerebral infection. The dose of virus ranged from 0.1 to 1 cc. of a 10 per cent virus emulsion. Virucidal tests with the normal serum of the above animals and of two additional subadult monkeys were carried out simultaneously in the routine manner, the proportions of virus and serum in the different mixtures being adjusted to a greater or lesser severity. Infection experiments and virucidal tests were accompanied by adequate controls. The results of this work, together with all technical details, appear in Table I. A study of Table I shows that poliomyelitic infection in adult rhesus monkeys runs frequently a course more protracted than that observed in immature animals, particularly when small doses of inoculum are used. Thus in three adult animals the incubation period was doubled or nearly doubled as compared with the controls, while in two other adult monkeys the severity of the infection was the same as with the immature animals. The above mentioned differences in the type of infection are comparatively slight but nevertheless noteworthy since the strain of passage virus used in this work for almost 4 years has now acquired a uniform degree of infectivity with a relatively stable incubation period resembling that of rabies fixed virus. It is possible that greater differences might have been realized by a further reduction of the infecting dose. Of particular interest is the result obtained with Monkey 6 and its newly delivered young. We were fortunate in obtaining this animal 2 days after it had given birth to a young one. Mother and new-born proved completely insusceptible to intracerebral infection with a potent dose of virus. The striking analogy, in this case, between animal experiment and empirical observations in man is obvious. The results of the virucidal G79, G78 (for G86). Complete paralysis, 7 days.
we described the occasional neutralization of the virus in vitro with the serum of mature rhesus monkeys (16) . Through the kindness of Dr. Dochez and his associates, Dr. Kneeland and Miss Mills, an opportunity was afforded to examine the sera of three subadult chimpanzees for poliocidal properties. ~ The results which are recorded in Table II , indicate dearly that the normal serum of the oldest ape completely inactivated small doses of virus, while the serum of the animal next in age possessed enough virucidal power to produce a partial neutralization effect. In contrast to these two older chimpanzees, the serum of the youngest animal was devoid of virucidal power in the proportions tested. These experiments offer a good analogy to similar data obtained with the sera of human populations presumably free from epidemic poliomyelitis (18) and support the concept of the physiological origin of the virucidal principle in normal human serum.
Influence of Preparation with Various Endocrine Principles on the Resistance of the rhesus Monkey to Poliomyelitic Infection and on the Virucidal Power of the Serum (a) Effect of Implantation of the Anterior Pituitary Lobe from Adult Rats
The most active principle capable of accelerating somatic development is the internal secretion of the anterior lobe of the pituitary. While many extracts have been prepared by chemical manipulation, none have duplicated the conditions obtained in rats and mice by the daily implant of fresh glands from adult animals. Anterior pituitary implants from rats, therefore, were administered to a small group of five monkeys before infection, according to the method devised by Smith (11) .
The animals received intramuscularly in the thigh daily implants of from four to seven pooled anterior lobes of adult female or male rats during a period of from 8 to 15 days. The response of the animals was in general similar to that observed after treatment with anterior pituitary extract (Engle (19) ). After completion of this course of preparation, the animals were inoculated intracerebraUy with 1 cc. of a 10 per cent virus suspension, together with an adequate number of controls. The results of these experiments are brought together in Table III. As can be seen from this table, there was a pronounced difference in the course of infection in two of the prepared animals, as indicated by the lightness of the symptoms and the prolonged incubation period when compared with the corresponding controls. Three other prepared animals, however, succumbed to the infection as rapidly as their controls and the disease had the same severity. The experimental evidence therefore, while perhaps suggestive, was far from conclusive.
(b) Effect of Female Sex Hormone
Recent investigations on the effect of various preparations of female sex hormone on the reproductive organs of rodents and monkeys suggested a trial of these substances in our work The two products which have been best studied, experimentally and clinically, are amniotin (Squibb) and theelin (Parke, Davis). ~ Amniotin prepared from the amuiotic fluid of cattle is known to induce estrus in castrated rats and mice; in the immature monkey it produces after 6 or 7 days a redden- ing of the sexual skin, swelling and edema of the external genitals and a considerable hypertrophy of the uterine endometrium with a variable premenstrual glandular development (Mlen, Morrell, Engle, et o2. (20) ). Theelin, prepared in crystalline form from the urine of pregnant women, has the standard estrogenic properties in spayed female rats and on the whole, causes changes in the monkey similar to those described for amniotin. Neither of the two hormones affects the size of the ovary, save that after prolonged treatment with massive doses the organ may be found to be actually smaller.
We are indebted to Dr. O. P. Kamm of Parke, Davis and Co., and to Dr. J. F. Anderson of E. R. Squibb and Sons for placing at our disposal generous amounts of these preparations.
Our experiments with these two hormones comprise a series of fourteen monkeys, of which eleven were prepared by subcutaneous injections with theelin and the remaining three with amniotin (see Table  IV ). All animals were then injected intracerebrally with a potent dose of a 10 per cent virus suspension. While a correct interpretation of our observations is difficult because of the limited number of experimental animals, the trend of the results would indicate that, with a few exceptions, the prophylactic administration of either theelin or amniotin had little or no demonstrable effect on the severity of the infection as compared with the controls. This opinion is further strengthened by the failure of theelin-treated animals to develop any virucidal principles in the serum. Whether the lighter infection observed in three theelin-prepared animals was due to chance or whether some other as yet uncontrollable factor was responsible for this effect must remain undetermined. At any rate, the results were not deemed sufficiently encouraging to stimulate further investigation of this type of hormone.
(c) Effect of Extracts Prepared from Sheep Anterior Pituitary Glands
Pyridine extracts prepared from dried powder of anterior pituitary sheep glands have proved a potent source of hormones, active in enhancement of growth and stimulation of the reproductive system (Hisaw et al. (21) and Engle (22) ).
A total of seven immature monkeys of either sex were treated by daily injection with pyridine extracts prepared from powdered anterior pituitary sheep glands for periods of time varying from 9 to 16 days. After completion of this preparation the animals were inoculated intracerebraUy with 1 cc. of 10 per cent virus suspension and, at the same time, their serum was tested for virucidal power in the usual manner. This experimental series together with the accompanying controls is listed in Table V. It will be seen from Table V that only one animal resisted intracerebral infection after preparation while the remaining animals succumbed to the infection like the corresponding controls. However, the results of the virucidal tests with the sera of the prepared animals were more clear-cut. Thus, four sera completely inactivated the virus in vitro and the serum of a fifth animal should be listed as partially neutralizing, leaving only two sera which were devoid of virucidal power in the amounts tested.
(d) Effect of Preparation with Prolan on Resistance to Experimental Infection and on the Virucidal Property of the Serum
By far the largest number of animals will be found in this section. We have emphasized this particular phase of our investigation because of the unique advantages attending the use of anterior pituitary-like principles of human origin obtained in rich concentrations by proper extraction from the urine of pregnant women. While pregnancy urine apparently contains a number of biologically and chemically different hormones, the presence of a gonad-stimulating hormone is recognized as one of the chief components. This particular substance, following the nomenclature of Zondek and Aschheim, is called prolan.
Prolan was prepared in our laboratories from large amounts of urine collected from women in the late and earlier stages of pregnancy, by two methods. The first one consisted in precipitation of the active principle by alcohol, the other by adsorbing it to benzoic acid. Either method yielded preparations high in ovarystimulating activity when tested in the mouse or rabbit. These products as a rule were prepared so that the final solution represented a concentration of 1:40 compared with the volume of the original material.
A total of twenty-three immature monkeys of either male or female sex were prepared by daily subcutaneous injections of 2 to 8 cc. of prolan for periods of time ranging from 9 days to 1 month. During this preparation the animals showed few outward physical changes. Data relating to the response of monkeys to prolan treatment are published elsewhere (Engle (22) ). Suffice it to state here that prolan is not a strong ovarian activator in the monkey, and fails to induce the estral response characteristic of glandular anterior pituitary principles. However, it does cause activation of the interstitial cells in the testes. After completion of this preparation, the animals were infected intracerebrally with 1 cc. of a 10 per cent virus suspension; simultaneously virucidal tests were carried out to determine the capacity of the sera to inactivate the virus in vitro. The protocols of this experimental series, including proper controls, appear in Table VI. A study of Table VI shows that protection against intracerebral infection can be obtained only in exceptional cases in monkeys prepared with prolan. Thus, only two animals proved refractory to the infection and two additional monkeys went through a very slight, abortive type of the disease after greatly prolonged incubation periods. In contrast to this, the results obtained from virucidal tests were far superior. Of a total of twenty-nine different samples of serum from prepared animals, ten inactivated the virus completely and five other samples should be considered as possessing partial neutralizing power, judging from the lightness of the resulting infection or the marked pro- The serum of the prepared monkeys was tested in amounts of 0.6 cc. against 0.6 cc. of 1
I n f e c t i o n a n d o n the V i r u d d a l P r o p e r t y o f the S e r u m
Virucidal test with serum after preparation Test  Monkey No.   F4  F38  F44  G16  G2  G20  G5  G95  G6  F90  G7  G96  G15  G62  H20  G63  G64  G97  G65  G85  G84  G83  H15  G82  H14  H23  H25  I15 
F40
Result in control monkey
Complete paralysis, 6 day F31 " • s suspension. Technique of virucidal test as previously indicated.
when tested in the usual proportions. However, we have again satisfied ourselves in this investigation by occasional tests that the serum of experimental animals contained no demonstrable virucidal substances before hormone treatment was begun. In several instances, where the animals were bled repeatedly during the period of preparation, i.e. at early and late intervals, conflicting results were obtained in the virucidal tests. We cannot at present account for these irregularities inasmuch as sometimes the earlier bleeding proved the better and the later the poorer, while in other cases the reverse was true. It follows from these observations that the virucidal power of the serum developed as the result of hormonal stimulation is very irregular and fleeting, depending upon variations in responsiveness which so far are beyond experimental control. In order to exclude the possibility that the virucidal substances in the serum of prepared monkeys owe their origin to some entirely nonspecific effect following the parenteral introduction of large amounts of foreign protein, six additional monkeys were prepared in a similar manner with liver extract and with spleen extract. None of these animals were found protected against intracerebral infection and none of the sera after preparation showed any evidence of virucidal activity.
Effect of Active Immunization with Dead and Live Virus on the Resistance of the Monkey to Experimental Infection and on the Virucidal Property of the Serum
It has been shown repeatedly that active immunization with the specific agent of the disease induces in monkeys a state of immunity which can be demonstrated by resistance of the immunized animals to intracerebral infection and by the appearance of virucidal substances in the serum. The percentage of protected animals has varied considerably in the hands of different investigators according to the methods employed (23) . In order to compare non-specific enhancement of resistance obtained by hormone preparation with the effect of specific immunization, we immunized a larger number of monkeys with dead or live virus and examined the animals after immunization for acquired resistance by infection and virucidal tests. None of the treated animals was protected against the infection and none of the sera showed any evidence of virucidal property.
In a second series, a total of sixteen monkeys received daily injections of 2 cc. 20 per cent live virus suspension by the subcutaneous route during a period of 1 week. Eight of these animals received in addition daily injections of prolan. This latter modification was introduced on the assumption that a more marked effect may possibly be obtained by a combination of virus and hormone. Two of the sixteen monkeys developed poliomyelitis shortly after completion of immunization. The remaining fourteen were infected after a rest period of 2 weeks by intracerebral injection of 0.2 cc. of 10 per cent virus suspension. The resultsof this work are presented in Table VII .
It appears from Table VII that of a total of fourteen immunized animals, six resisted the intracerebral infection and three additional animals showed only partial paralysis, while five succumbed to the infection with fully developed symptoms. Of the completely paralyzed animals, three had been immunized with virus alone and two with virus and prolan. The six fully protected animals were evenly divided between the two types of immunization. This experiment therefore permits of the conclusion that there existed no appreciable difference between the effect of virus alone and virus in conjunction with prolan, as immunizing agents. It also demonstrates that active immunization with live virus, under the conditions described, leads to complete or partial protection against intracerebral infection in about two-thirds of the cases. Dead virus, on the other hand, completely lacks any immunizing properties.
DISCUSSION
In analyzing the data reported in this paper, it seems likely that a dual mechanism of protection against poliomyelitis must be recognized in the monkey. Our experiments with adult rhesus monkeys and subadult chimpanzees leave no question that age alone conveys to the animal a certain degree of enhanced resistance, which in all probability is purely physiological. Attempts to reproduce in immature monkeys this relative state of mature insusceptibility by the adminis-tration of single hormones, have led to success in the case of at least two internal secretions; i.e., anterior pituitary hormone extracted from sheep glands and anterior pituitary-like principles from pregnancy urine of man. The enhancement of resistance, however, is only in rare instances sufficiently marked to protect against intracerebral infection, but manifests itself chiefly in the liberation of virucidal substances into the serum of the prepared animal. This intensification of serological activity is probably best explained by assuming an accelerated rise of preformed neutralizing substances from an imperceptible immature level to an experimentally recognizable, mature concentration under the influence of hormonal stimulation. Quite apart from this physiological enhancement of resistance, it is also clear that a proportionally higher degree of protection can be obtained by immunization with the specific virus. The two processes, although accompushing similar results, are obviously totally dissimilar in mechanism.
When an attempt is made to correlate these experimental findings with the probable mechanism of susceptibility to poliomyelitis in man, no definite answer can be given. While it is premature to discuss here the debatable dinical evidence of the presence of endocrine stigmata in children attacked by poliomyelitis, some epidemiologieal inferences may be drawn with reasonable safety. There can be no question that immunization by the virus plays a certain part in populations where the disease is widely prevalent; and this immunization may conceivably take the form of responses to either latent or manifest antigenic stimuli. The first alternative was well demonstrated in a recent observation of Kramer's (24) who proved that children after contact with a case of poliomyelitis acquired virucidal properties in the serum, without developing any signs of the disease. This change in serum reaction, however, occurred only under conditions of very intimate contact implying an actual implantation of the virus, and failed to come about after casual contact, which, after all, represents the more common form of human relationship. The second possibility was experimentally substantiated when Trask and Paul , (25) could show that children following an abortive attack of poliomyelitis developed a definite, though in most cases only transient, virucidal titer in the serum. If Faber (26) is correct in denying an extranervous phase of poliomyelitic infection, the frequent and re-peated occurrence of so called abortive attacks among the population at large may again well be questioned.
It becomes therefore increasingly difficult to reconcile the extent and persistence of insusceptibility to the disease, particularly among the older age groups, with the known or suspected manifestations of immunization by the virus. The experimental facts recorded in this paper lend support to the opinion that the gradual increase in serological activity and the corresponding rise of resistance with age are largely due to a series of developmental changes in constitutional perfection, markedly influenced or even controlled by endocrine function (27) and the laws of heredity (28) . The present status of the problem is probably best expressed by Armstrong (29) : "There is certainly a specific immunity to poliomyelitis as there is to many other diseases, but the assumption that resistance to a virulent strain is always dependent upon a specific immunity gained through contact with feeble strains of that virus, is hardly an established fact." CONCLUSIONS 1. Adult rhesus monkeys possess frequently a greater resistance to experimental infection with poliomyelitis virus than young monkeys as indicated by the prolongation of the incubation period and the content of feeble neutralizing substances in the normal serum.
2. Virucidal substances can be demonstrated in the normal serum of subadult chimpanzees.
3. Immature monkeys prepared with glandular anterior pituitary hormones and anterior pituitary-like principles from the urine of pregnant women are protected only in exceptional instances against intracerebral infection with poliomyelitis virus. However, the serum of such prepared animals frequently acquires the property of inactivating the virus in vitro.
4. Active immunization with live poliomyelitis virus renders the immunized monkeys resistant to intracerebral infection in a higher percentage of the cases than does preparation with hormone.
5. The relative merits of non-specific enhancement of resistance and of specifically acquired immunity are discussed in their relation to the probable mechanism of resistance to poliomyelitis in man.
